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HUMAN HEALTH AND ECOLOGICAL BASELINE RISK ASSESSMENT ADDENDUM
TERMINAL 1 SOUTH
2100 NW FRONT AVENUE
PORTLAND, OREGON

ADDENDUM

This addendum to the Human Health and Ecological Baseline Risk Assessment,

I

T

Terminal 1 South (T1S), 2.100 NW Front Avenue, Portland, Oregon (Hart

Crowser, January 18, 2002) was prepared based on Department of

Environmental Quality (DEQ) comments received on the risk assessment and

"feasibility study reports (D'EQletters February 12720~02/"and7^ay 3, 2TJ02)7a~

meeting held with DEQ on April 29, 2002, and a follow-up teleconference on

May 28, 2002. This addendum presents the revised sections, tables, and

appendtees-of-the-risk assessment reports as agreed to irtthe Port's response to-
DEQ comment letters dated March 5 and May 21, 2002, and discussed in the

meeting and teleconference with DEQ.

t Addendum-Revisions:

This addendum contains the following revisions to the Human Health and

Ecological Baseline Risk Assessment, T1S, 2100 NW Front Avenue, Portland,

I

I

Oregon (Hart Crowser, January 18, 2002).

~Ttre~constractfon"woTkerexpo5OTe scenario has been added to the Baseline
"Human Health Risk Assessment and ail appropriate text and tables have

been revised and included in this addendum.

The results from the second round of groundwater monitoring have beerT

t added to both the Baseline Human Heath and Ecological Risk Assessment

Additional text has been added to the uncertainty section discussing the
assessment of total petroleum hydrocarbons (TPH) in the Human Health

Risk assessment and the uncertainty associated with the chemical

characterization completed by Hahn and Associates in the Remedial

Investigation for this site.

The maximum detected concentration of benzo(a)anthracene was used as

the RME exposure point concentration for total soil (0 to 15 feet below

I

1

_ground.surface-[bgs|)-for_both-the_excavation_and-cdnsttuction_worket
exposure scenario.

The PEO change has been made in the Level 1 — Ecological Risk
-Assessment Checklist.

Hart Crowser
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A supplemental section has been added that evaluates the potential for
human health risks from fish consumption due to exposure of constituents

-migrating-to tneA/Villamette River-from-shallow-groundwater-at-the-site—In—

addition, a human health risk-based grbundwater screening table is included

as Attachment A, and justification for an alternative freshwater arsenic

criterion for the protection of human health via fish consumption is provided

i
in Attachment B to this addendum.

Identificatiorrof Compounds of Potenflat~Con~c6rrr

I

T

Chemical analyses on samples collected at the T1S Site have identified diesel
and oil as the fuel types present However, due to the current lack of toxicity

-data for diesel or oil as a whole (each-fueUype is a complex mixture of hundreds-

of chemical compounds), these fuels were not quantitatively evaluated in the
HHRA. Instead, we focused on individual petroleum constituents within these

fuel types for which appropriate toxicity data are available.

t

t

I

I

t

Specific chemical constituents of these fuel types are possible compounds of

~tnterest~(C0l). COIs are defined as compourrds~detecled atrthe'site, arid COPCs'

are those COJs that exceed the risk-based screening levels as discussed below
and are carried forward in the HHRA. Based on investigations conducted at the
TTS Site, the CQls in soil and grniindivater inrlnrip (he following groups of

compounds;—Total-Petroleum Hydrocarbons (TPH), polyeyelte-aromatie-

hydrocarbons (PAHs), volatile organic compounds (VOCs), polychlorinated
biphenyls (PCBs), and metals.

Evaluation for COPCs. In accordance with DEQ human health risk assessment

guidance (DEQ, 2000), soil COIs were conservatively screened against EPA

Region 9 Residential So1t~Prehminary Remediation Goals (PRCs), and

groundwater COIs were conservatively screened against EPA Region 9 Tap

Water PRCs (EPA, 2000a). To identify COPCs in groundwater, because

-exposure-to-groundwater is limited to inhalation of VOCs that-have-migratod
from groundwaler to indooi or outdoor airponly VOCs^detected in groundwater
were evaluated as potential COPCs.

1

Additional steps, which are described in Sprfinn 2.3.2, (3){a) through (e) of the

DEQ human health risk assessment guidance, were also performed to ensure

potential cumulative effects from multiple compounds or from an individual
compound detected in multiple media were accountedlor!

I

I

¥

As presented in the Risk Assessment Work Plan for this site (Hart Crowser,

-20Q-1), the site was divided into three separate-ATeas-of-Concern'tAOC). The

AOCs are presented on figure 2. LOPCs were identified tor each area and

Hart Crowser : Page-2-
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separate risk calculations and risk estimates were conducted for each area.

JTables-1-through-3-summarize-the-identification
groundwater for Areas A, B, and C, respectively. Note that Tables 1 through 3
only include compounds that were detected in soil or groundwater. COIs that
were analyzed for, but not detected in soil or groundwater samples (e.g., PCBs)

1

I

I

are not included in Tables 1 through 3. The following COPCs were identified in
each area:

Area A

HJibenz(a,h)anthracene, indenoH,2,3-cd)pyrene< arsenic, and'lead. Ni> boil
PRGs are available for diesel and heavy oil; however, since both analytes
were detected in soil they were retained as COPCs.

t

"Groundwater: Diesel andletrachloroethene. Diesel was identified as a
COPC because a tap water PRG is not available. Heavy oil was not
detected in groundwater.

I
Area B

I

Soil: Diesel, oil, benzo(a)anthracene, benzo(a)pyrene.
benzo(b)fluoranthene, dibenz(a,h)anthracene, indeno(1,2,3-cd)pyrene, and
arsenic. Diesel and oil were identified as COPCs because soil PRGs are

~rrot~avnilable. : ~~ :

I Groundwater: Diesel. Diesel was identified as a COPC because a tap water
PRG is not available. Heavy oil was not detected in groundwater.

t
Tetrachloroethene was not identified as a COPC for Area B since it was only

t

detected in Monitoring Well 1, which is located in Area A.

Area €

Soil: Arsenic.

Groundwater: None.

1

I

T

PCBs were identified as COIs for this site. However, PCBs were only detected
in one soil sample-that was collected from a deptfrof-67.5 feet bgs. PCBs were
never detected'in any sorl samples evaluated as part of this risk assessment and
were, therefore, not identified as COPCs.

Hart Cmwsfir Page 3
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3.1 Exposure Assessment

Potentially Exposed Populations. A beneficial land and water use survey has
been completed for the site and is discussed in Section 2.4 (Har»n and
Associates, 2001). Based on the Central Residential (RX) zoning designation, it
is expected that the site will~be used for mixed-use residential/commercial
development in the future. The only identified beneficial use for groundwater in
the locality of the facility is discharge to the Willamette River.

I

I
"therefore, the final CSM~assumes die future area land"use'wHI"be"a~miyx)f~"
residential and commercial and that groundwaler beneath the site is not and
likely will not be used for drinking water. Figure 3 presents the final CSM for this

T
site. The red boxes on the figure indicate potentially complete pathways to the
indicated receptor. In addition to residential and commercial receptors, the
HHRA will also evaluate utility/excavation workers and construction workers as
potentially exposed populations. Utility/excavation workers will be identified as

t excavation workers in the remainder of the HHRA.

-Potentially Complete-Exposure Routes. Exposure-pathways for quantitative
analysis were selected~based on the final CSM developed for this site. Based on
available information, the exposure pathways evaluated in this HHRA are:

I

-Incidental ingestion of SQil-(aH-receprors);

Dermal contact with soil {all receptors);

Inhalation of fugitive dust from surface soil (residents and commercial workers);

I

t

I

Inhalation of fugitive dust from total soil (0 to 15 feet below ground surface,
excavation workers and construction workers); and : '_

Inhalation of VOCs from groundwater (all receptors; indoor for residents and
commercial workers; outdoor air only for excavation workers and
construction). No VOCs-were-idcntificd as soil COPGs-(soc Tables 1
through 3). Outdoor airwas not evaluated for residents and commercial
workers since the risks and hazards associated with indoor air, which are
higher than those associated with outdoor air, were acceptable.

Direct contact with groundwater is not considered a potential exposure pathway
for excavation or construction workers, as the average depth of the shallow WBZ
was reported to be 23 feet bgs (Hahn and Associates, 2001 a). For this HHRA,

I

T
¥

residents and commercial workers are assumed to be exposed to soil down to a
depth of 3 feet bgs and excavation workers and construction workers are

to btt eXpuieu lo'soils uuwii lu d uejjlli uf 15 fett ugS.

-Hart Crowser — ' Page 4
15191-01 June 12, 2002

POPT1S601272



I
t

3.1.2 Development of Exposure Point Concentrations

Exposure point concentrations (EPCs) represent the chemical concentrations in

the soil and groundwater that the receptor will potentially contact during the

exposure period. I he tPLs tor the site's CCjHCs were derived from either data

I

I

obtained from sampling or from a combination of sample data and fate and

transport modeling. For example, air EPCs were modeled from groundwater EPCs

-for volatile constituenfo-lndoor and outdoor air EPCs-were-ealeulated using the—

modeling equations presented in DEQ's Risk-Based Decision Making Guidance
(DEQ, 1999). Groundwater data from monitoring well samples collected in

September and October 2001 and lanuary 2002 were used to represent current

I
~and future s?roundwater conditions.

The residential and commercial worker scenarios were evaluated based on

exposure to surface soil (0 to 3 feet bgs), while the excavation and

I

t

construction worker scenario was based on exposure to surface and

subsurface soil (0 to 15 feet bgs). No VOCs were identified as soil COPCs,
-therefore, soil from 15 feet bgs down to groundwater was not-considerecHrr

the volatilization to indoor and outdoor air pathways.

In arrnrrlanrR with FPA guidance (EPA, 1989) for rhemicak fteter.teH at one

I

I

1

-sampting-leeatien but not at others,-a-proxy concentration equal to half-the—

sample quantification limit (SQL) were used to represent the concentration of
the chemical of concern in a sample where it is not detected.

The 90% upper confidence limit (UCL) on the arithmetic mean concentration of
COPCs in each environmental medium of concern were used to evaluate the

reasonable maximum exposure (RME) scenario/while the arithmetic mean were

\

I

used to evaluate the central tendency (CT) exposure scenario (EPA, 1989). The

RME scenario is intended to be a conservative estimate of potential exposure,
exposure scenario-is4ntended to be a more realistic exposure

"scenario. Ubing bolh the RMtrand CT allows fur a range of potential risk and

hazard estimates. The 90% UCL is calculated based on EPA (1992) guidance.

The manner of calculating the 90% UCL were as follows:

As a first step, the underlying distribution of the data was evaluated using the

Shapiro and Wilk W-Test (Gilbert, 1987) to determine if the data are normal

or lognormal. If the normal and lognormal distributions are indicated, the

I
90% UCL were calculated appropriately.

If the normality test rejects both normal and lognormal distributions at a

I

t

significance level of 95 percent, the test was rerun by adjusting the W-Test

-HartCtowser ——— : Page-5-
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quantile downward by 0.1 from the original quantile (providing a greater

tolerance for accepting a distribution). If the data set conforms tn a nnrmRJ

or-lognorrnal-distributiorwwitb4he-greater-toleranGe,-the-distribution-was-
reported as weak lognormal (or weak normal).

-•—If-the normal and lognormal distributions are-rejeeted-with-the-gfeater—

tolerance, the data were assumed to fit a lognormal distribution for calculation

.of the 90% UCL (assumed lognormal distribution; EPA, 1992).

"In cases where~the 90% UCL or the calculated mean concentration exceed

the maximum detected value (which can occur in data sets with a large

variance), the maximum detected value were used to define the upper limit
-of-this-range,

EPCs for this HHRA are presented in Table 4. All of the EPCs presented in
Table 4 were calculated using the methodology presented above, with the

t

t

1

following exceptions:

Area A: Total Soil (0 to 15 feet bgs). The 90% UCL for benzo(a)anthracene of

0.3b mg/kg is less than the arithmetic mean ot 0137 rng/kg. This is primarily due

to the elevated detection of 9.35 mg/kg, which was detected in the soil sample

B-68. To be conservative, the RME concentration for benzo(a)anthracene was
setat9.35mg/kg.

I

I

Area B: Total Soil (Oto 15 feet bgs). The 90% UCLs and arithmetic means for

the cPAHs were significantly affected by the elevated SQL of 67 mg/kg in soil

-sample B-63. Sinee-on&half of 67 mg/kg is^over-40-tifnes greater tKan-the-

maximum detected concentrations of the five cPAHs, the cPAH results for soil
sample B-63 were not included in the statistical evaluation for this data set.

t

f

However, subsurface soil samples collected adjacent to sample B-63 (e.g..
Samples B-66 and B-67) had detected concentrations of cPAHs that were

included in the calculations of EPCs. Therefore, this area was represented in the
-calculated risk estimates direHhe exclusion uf cPAH-SQb-from Sample B^6
no impact on HHRA objectives.

EPA's Risk Assessment Guidance for Superfund (RAGS) addresses-the issue of

1

elevated-sample-quantitation limits. ln-€h-apter 5.3.2, RAGS states-one can

"exclude the samples from the quantitative risk assessment if the/' (i.e., referring

to elevated SQLs) "caused the calculated concentration (i.e., the concentration

I
calculated according to guidance in Chapter 6) to exceed the maximum detected

concentration for a particular data set." The 90% UCLs for all the PAH COPCs

exceed their respective maximum detected concentration when the elevated
"SQLs of 67 mg/kg are retained in the data sets. Therefore, the exclusion of the

T elevated SQLs is consistent with EPA risk assessment guidance

¥
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3.2.4 Toxicity Assessment for Total Petroleum Hydrocarbons (TPH)

Determining appropriate toxicity values for TPH (a class of compounds
identified as a CO1 at this site) is difficult because of the characteristics of TPH.
TPH are a complex mixture of hundreds or more individual alkanes,

cycloalkanes, alkenes, aromatics, and other petroleum substances. For this
HHRA, the human health risks associated with TPH were evaluated using an
indicator approach. The indicators refer to single compounds within TPH
known-or believed to-be carcinogenic and-non carcinogente-and-whieh areI

I
evaluated-fndividually. Tlie'indicatur cumpourrdsrthat were quantitatively
evaluated in this HHRA are:

T
Volatiles (BTEX): benzene, toluene, efhylhpr^pn^ anrl

Polynuclear Aromatic Hydrocarbons (PAHs): anthracene, acenaphthene,
_acenaphthylene, benzo{a)pyrpnp, pyrene, naphthalene, chtysene,

&, benzo(k)floaraTrtheTre;
fluoranthene, flourene, phenanthrene, benzo(b)flouranthene,
benzo(a)anthracene, and dibenzo(a,h)anthracene.

3.3.2 Risks and Hazards Associated with Current and Future
Site Conditions

I

I

Risk and hazard estimates for each area are discussed in Sections 373.2.1
through 3.3.2.3. As discussed previously, the residential, commercial worker,
construction worker, and excavation worker exposure <;rpnarin«; are evaluated

-for-each-atea. Risk and-hazard estimate-calculations for caeh-area, exposure
pathway, and receptor are presented in Appendix B (Tables B-1 through B-9).
Table 10 presents the totals as a sum of risks and hazards associated with each

t
individual exposure pathway, while Table 11 presents the RME carcinogenic risk
estimates as a sum of risks associates with each COPC.

3.3.2.1 Area A Risk and Hazard Estimates

I

The exposure pathways that were quantitatively evaluated at Area A are soil
ingestion, dermal contact with soil, inhalation ofvolatiles from groundwater, and
inhalation of fugitive dust.

Resident. The cumulative RME and CT excess lifetime cancer risks for the
residential receptor are estimated to be 2 x 10" and 2x10*, respectively. The

I

T

RME risk estimate b greater than the OAR 340-122 acceptable level of 1 x 10'3

for cumulative carcinogenic risk, while the CT risk estimate is less than the DEQ

acceptable risk level. The-primary exposure~pathways (RME evaluation) are soil
ingestion (risk = 8 x 10') and dermal contact with soil (risk = 8x10-J). COPCs

-HarLCicwset- -Page
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that exceed the DEQ acceptable risk level of 1 x 10* for individual carcinogens
are benzo(a)pyrene (risk = 9 x 1Q'S). arsenic (risk = 5 x 10s), benzo(a)anthracene

1

1

-(risk^4-x-10-},-dibenz(a,h)anthracene-(rJsk-s-8-x-10-),-benzo(b)fluoranthene-

{risk = 7 x 10*), and indeno(1,2,3-cd}pyrene {risk = 4x106).

The cumulative RME and CT His for the residential receptor are estimated to be
1.0 and 0.01, respectively. The RME HI is equal to, while the CT HI is less than,

the DEQ acceptable HI of 1.0. In addition, both the RME and CT concentrations
uf ledd in surface soil exceeded residential lead PRGr

I

T

Commercial Worker. The cumulative RME and CT excess lifetime cancer risks
-for_the-commecciaLworker-ate-estimated-to-be 1 x .10±and-6-X-1-0-^respectlvely.-
-The RME risk-estimate is equal to, while the CT risk-estimate is less thanrthe——
DEQ acceptable level of 1 x 10;s for cumulative carcinogenic risk. The primary
exposure pathways (RME evaluation) are soil ingestion (risk= 1 x 10"s) and

t
dermal contact with soil (risk = 3 x 10*). Individual CQPCs that exceed the DEQ

I

I

I

acceptable risk level of 1 x 10s for individual carcinogens are benzo(a)pyrene
(risk =7x10*) and arsenic (risk = 5x1O6).

The cumulative RME and CT His for the residential receptor are estimated to be
0.03 and 0.006, respectively. The RME and CT HI are less than the DEQ

-^a€€eptable HI of 1.0. In-addition, the-RMi-concentrations-of-tead-in surface soil-
"exceeded Ihe industriaHead PRG buttrurCT coiicttntration'wab acceptable.

Construction Worker. The cumulative RME and CT excess lifetime cancer risks
for tha construction worker are estimated fn be 7 x If)'7 and 1 x Id'7,

respectively. The RME and CT risk estimates are less than the DEQ acceptable
risk level for multiple carcinogens. The cumulative RME and CT His for the

t
construction worker are estimated to be 0.07 and 0.01, respectively. Both of

1

which are below the acceptable HI of 1.0. In addition, the RME concentrations
of lead in total soil exceeded the industrial lead PRG but the CT concentration

-was acceptable. . :

Excavation Worker. The cumulative RME and CT excess lifetime cancer risks
for the excavation worker are estimated to he 5 x 10"8 and 3 x 1 Qr9

f respectively.

1

-T-he-RME- and CT risk estimates art; lass than-the DEQ acceptable-risk level for-
multiple carcinogens. The cumulative RME and CT His for the residential
receptor are estimated to be 4 x 103 and 5x10^, respectively. Both of which
are well below the acceptable HI of 1.0. In addition, the RME concentrations

I

T
¥

of lead in total soil exceeded the industrial lead PRG but the CT concentration
was acceptable.

HartOowser — P-age-8-
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T 3.3.2.2 Area B Risk and Hazard Estimates

1

JUie-exposure-pathways-that-were-quantitatively-evaluated-at-Area-B-are-soil—
ingestion, dermal contact with soil, and inhalation of fugitive dust. No VOCs
were detected in Area B soil or groundwater.

Resident. The cumulative RME and CT excess lifetime cancer risks for the
residential receptor are estimated to be 3 x 10's and 5 x Iff7, respectively. The
RME risk estimate is greater-than, while the CT risk-estimate is lebb thdii, the
acceptable risk level of I x 10^ for cumulative carcinogenic risk. I he primary
exposure pathways (RME evaluation) are soil ingestion (risk = 2 x 10'5) and
dermal contact with soil (risk= 1 x 1Q'5). COPCs that exceed the; DFQI

I
icc^ptable risk level of-Ux-l-ff6 for individual̂ areifiegons arc bcnzo(a)pyrene

(risk = 9 x 1 ff6) and arsenic (risk =2x10s).

The cumulative RME and CT His for the residential receptor are estimated to be

I

0.4 and 0.01, respectively. Both of which are less than the DEQ acceptable Ml
of 1.0.

Commercial Worker, ihe cumulative RME and CT excess lifetime cancer risks
for the commercial worker are estimated to be 2 x 106 and 3 x 10'7, respectively.
The RME and CT risk estimates are hnth IRSS than the PEQ acceptable level of
1 x 105 fer-eumulative cnrcinogcnie-risk—Arsenic (risk = 2 x-4Q^)-is the only
individual COPC that exceeds the DEQ acceptable risk level of 1 x 10* for
individual carcinogens. The cumulative RME and CT His for the commercial

I
receptor are estimated to be 0.01 and 0.006. respectively. The RME and CT HL
are less than the DEQ acceptable HI of 1.0.

Construction Worker. The cumulative RMt and CI excess lifetime cancer risks

T for the construction worker are estimated to be 1 x 10* and 1 x 107,
respectively. The RME and CT risk estimates are less than the DEQ acceptable
risk level fot-multiple-carcinogens^Che cumulative RMi-aRd-CT His for the

-construction worker are estimated to be 0.04 and O.OIr-respectively. Both of*
which are below the acceptable HI of 1.0.

1

Excavation Worker. The cumulative RMF and CT vxce"^ lifetime cancer risks for
the excavation worker are estimated to be 1 x 10'7 and 4x109, respectively.
The RME and CT risk estimates are less than the'DEQ acceptable risk level for
multiple carcinogens. The cumulative RME and CT His for the residential ~

I

T

receptor are estimated to be 3 x 103 and 4 x 10"4, respectively. Both of which
are well below the acceptable HI of 1.0.

Page 9
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T 3.3.2.3 Area C Risk and Hazard Estimates

i

The exposure pathways that were quantitatively evaluated at Area C are soil
ingestion, dermal contact with soil, and inhalation of fugitive dust. No VOCs
were detected in Area C soil or groundwater. Arsenic is the only COPC for
Area C.

I
The cumulative RME and CT excess lifetime cancer risks for all receptors
(residentrcommercial worker, construction worker, and-exeavation worker) are
less than lh« acceptable risk level of~1~x 10"5 for cumulative carcinogenic risk;
with the exception of the RME residential scenario (risk = 2 x 10"s). Arsenic has
individual cancer risk estimates of 2 x 1CTS and 2 x TO"6 for the RME residentialI

I
'and commercial worker srpnan'os, respectively AH individual and cumulativ
hazard estimates are less than the DEQ acceptable HI of 1.0.

3.4 Uncertainty Analysis

t

t

1

It is important to fully specify the assumptions and uncertainties inherent in the
risk asspssmpni- tn plarp thp risk estimates in proper perspective. For this risk

-assessfnenHhc general sourees-of uncertainty that-are-addressed include:

• Data collection and evaluation;

Exposure assessment;

Toxicity assessment; and

I

t

-•—Risk-eharactorization.

3.4.1 Data Collection and Evaluation

The identification of the types and numbers of environmental samples, sampling
procedures, and sample analysis each contain components that contribute to
uncertainties-in-this risk assessment For-example, it is generalrynol pidUicdl tu
sample allocations and media at a site. Decisions were made to select a subset
of the potential sampling locations and media based upon the anticipated
presence of the chemical. These decisions were made with the use of historicalf

I

I

T

and background information of the site and the potential contaminants^-
chemical and physical properties. Exposure doses for the site that are based on
non-random, or hot spot, samples may be overestimated.

Hart Cmwsnr page-40-
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3.4.2 Exposure Assessment

1

The exposure estimation methods are subject to varying degrees of uncertainty.

The degree of uncertainty generally depends on the amount of site-specific data

available. The following sources of uncertainty have been identified.

Exposure Scenario Identification. This HHRA assumes that receptors are limited

to residents, commercial workers, construction workers, and excavation workers.

4f-this-assumptiorH's-in€Offcct, future-risks and hazards-eeuld be under- efI
uvei estimated.

Exposure Parameters and Assumptions. The standard and site-specificI

T
exposure assumptions may or rp?y not be representative of the actual exposure

conditions and could under- or overestimate future risks and hazards.

Calculation of Exposure Point Concentrations. The 90% UCL on the arithmetic

I

1

mean, or the maximum detected concentration, whichever is lower, was used as

the exposure point concentration (EPC) in this HHRA. Prior to the calculation of
-tbe-90% UCL, each data-set was evaluated to detetfmne-whether the data were—

"distributed normally or lognorrnally. As discussed previously, if a data set~wa~s

found to be neither normal nor lognormal, the data set was evaluated as a

lognormal data set. A lognormal distribution is common among environmental

-data-sets. The maximum-detected CO PC cooeefteations, especially at Area A,
has a significant effect on the EPCs used in this HHRA.

Area A. Carcinogenic PAHs, arsenic/and lead were identified as

I

t

compounds of concern (COCs) in surface soil, while only lead was identified
as a subsurface COC. The surface soil exposure concentrations for cPAHs,

-arsentcrand-tedd are driven by the inaxiniurmfeteaeJ concentration of
each cue, which was detected in soil sample B-68 (B-94 tor

dibenz(a,h)anthracene). The second highest cPAH detections were found in
soil sample B-94 (deterred hphA/ppn 1 and ? mg/kg). Thff mi-nailing rPAH

-detections arc Icss-than 0.5 mg/kg, which arc consistent-with ambient levels

of cPAHs in urban areas.

Arsenic wardetected at a concentration of 123 mg/kg in sample B-68 and
"at a concentration of 7.53 mg/kg in sample b-y7. AH other arsenic

detections were less than the Terminal 1 arsenic background level of
5.3 mg/kg (Hahn and Associate^ 2007a) Additionally if the, arsf nir

I

T
T

-concentration of-1-2T9-mg/kg-were-rem0ved-from-the-Area-A-surfaee-soil—
data set, the resulting arithmetic mean concentration of the remaining data
would be 2.2 mg/kg.

Hart Crowser •- _ . Page 11
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I
T As discussed previously, the maximum detected lead concentration in

surface soil at Area A was 6,190 mg/kg. The second highest lead detection

_wasJ.92-mg/kg,-whichJs-belowLthe-residenttal-and-industriaL(or-commera"al)-
soil screening levels. Lead is the only COC identified in the HHRA as a
subsurface compound of concern (i.e., detected at levels above DEQ
acceptable levels).

1 Area B. Benzo(a)pyrene and arsenic were identified as COCs in surface soil.
No subsurface COCs were identified at Area B. The maximum detected

1
concentration of benzo(a)pyrene and the other three cPAHs evalualed are
less than 0.2 mg/kg. These levels are consistent with ambient levels of
cPAHs in urban areas.

T
t
t

Arsenic was doteetcd at a maximum concentration of-3-l-mg/kg in surface—
soil, which is less than the Terminal 1 arsenic background level of 5.3 mg/kg
(Hahn and Associates, 2001 a).

Area C. Arsenic was identified as a COCm surface soil. No subsurface
COCs were identified at AOC C. Arsenic was detected at a maximum
concentration of 2.9 mg/kg in surface soil, which is less than the Terminal T

I

-arsenic background level of-5^-mg/kg (HAÎ -2001 a).

Assumption of Steady-State Conditions. The inherent assumption is that future
COC concentrations are the same as current concentrations. In general, this

I
assumption overestimates COC concentrations and resulting exposure intakes.

ClieinicahCharacterizaliuii. The sampling strategy used in collecting the soil—

I

1

t

samples that were used in this HHRA was a directed sampling strategy and
was approved by DEQ. While there is uncertainity in limited sampling,
sampling \va<: conducted in areas where contamination was most likely to

-exist There was-no reasort-te-belteve contamination was present to warrant
additional soil or groundwater sampling. Because the potential current and
future receptors are assumed to visit the entire site, not just the areas that are
contaminated, the exposure point concentrations used likely overestimate
potential risks and hazards.

Modeling Procedures. DEQ's Risk-based Decision Making guidance was used
to estimate the volatilization from groundwater to indoor and outdoor air. The
assumptions used in these models introduce uncertainty to the degree that they

-do not refloct-actual conditions. There is-significant-uncertainty associated with-1

I

T
f

~tfrervotatilization m

based on soil and groundwater concentrations. Areas of uncertainty include,
but are not limited to:

Hart CtowsBT Pagg 12
15191-01 June 12, 2002

POPT1S601280



I
T
T

• COPC Concentration. The model assumes the COPC concentrations are
homogeneous over the entire area being evaluated. Since some COPC

-concentrations-^e-based-on-the-niaximum-deteGted-conGentrationHhis-is-a-
conservative assumption that is likely to significantly overestimate the
amount of contamination present.

I

T

-Bmhfing Parameters. The model uses various building~parameters as a basis"
for the indoor air concentrations such as building volume to area ratio
(essentially the height of the building), building air exchange rate (the
amount of times-the air in the building is-replace per-second), the foundation
crack thickness, and the foundation crack fraction (that is, the fraction of the
building floor that contains cracks). Many of these assumptions have a linear
effect on the model output (that is, iflhlTair exchange rate is doubled, the
indoor air concentration would drop in half). The model also assumes there
is no vapor barrier under the foundation and that the building is not under

-positive-pressure. Default building parameters-were used in-thirHHRA:

t

COPC-Specific Parameters. The model uses various chemical parameters
.such as diffusion coefficients, Log Koc or Log Ka, Henry's Law Constant,
vapor pressure, and solubility. I hese values can vary considerably in the

I

literature. Default chemical parameters included in the RBDM model were
used. These COPC-specific parameters can have a significant effect on the
model-results, and7-tbG|refo''e/ the degree IhaHbe^afameters used-represent

-actaar-condilions-at the site may lead tcran overestimatlon or
underestimation of actual air concentrations.

I

t

I

JL4.3_Ioxiclty_Aasfissment.

Whether verified by consensus among EPA scientists or not, uncertainty is present
-fn the derivation of toxicity factors, and several assumptions are necessary.

Toxicity Assessment for Total Petroleum Hydrocarbons (TPH). Determining
appropriate-toxicity-values forTPH (a class of compounds-identtfied-as a CO! at

this sitc)-is-difficult because of the characteristics of TPH. TPH are~a complex
mixture of hundreds or more individual alkanes, cycloalkanes, alkenes,
aromatics, and other petroleum substances. For this HHRA, the human health
risks associated with TPH were evaluated using an indicator approach
indicators refer to single compounds within TPH known or believed to be
carcinogenic and non-carcinogenic and which are evaluated individually. The
indicator compounds that were quantitatively evaluated in this HHRA are:

I

T
Volafiles (BTEX): benzene, toluene, ethylbenzene, and xylene; and
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1 • Polynuclear Aromatic Hydrocarbons (PAHs): anthracene, acenaphthene,
acenaphthylene, benzo(a)pyrene, pyrene, naphthalene, chrysene.
ideno(1,2r3-cd)pyrene, benzo(g,h,i)pery|f>nf/ benzo(k)fk»uranthene
fluoranlhene, flourene, phenanthrene, benzo(b)flouranthene,
benzo(a)anthracene, and dibenzo(a,h)anthracene.

1

1
I
1

f
'

•

1
1

M

Additionally, the factors used in the derivation of toxicity factors that add
uncertainty to the results are presented below.

• Extrapolation from Animal Studies, bxtrapolating human health risks from
animal studies is complicated by physiological and pharmacokinetic
differences. Similar toxic effects are not always nh'jpn'pH in al| qpprjp? nr at
similar rplariWP c nnppntriHrjnc /wKiF»n f-nrmr* tori fr*r Kr»rK/ \A/olrrVi^ TKoca

extrapolations may overestimate or underestimate the actual chemical
toxicity to humans.

!•• L r, ~• High-Dose lo Low-Dose Extrapolations. Toxicity values are generally based
on laboratory studies using high chemical exposures. Dose-response trends
observed at high doses are generally assumed to be linear at low doses.
Because dnsp-rpspnnsp rplarionships at low doses are largely unknown

assuming a linear relationship may overestimate or underestimate chemical
toxicity at concentrations in the extrapolated range.

i opuiation variability. Ldboidloiy animal studies generally use animal
strains that are genetically similar, yet the human population is genetically
diverse. Because methods for estimating toxicity in more susceptible
individuals, surh ns children, are torgply undeveloped such estimates may
overestimate or underestimate chemical toxicity.

• Available SfurlipK. Nnf all toxtcity values are based on Ihe same amount or

Ljuumy ui lubuciixji. tvi new siuaies are pertormeo and reviewed, toxicily
values can change. The less information available on a chemical, the greater
the possibility that chemical toxicity will be overestimated or underestimated.

I

The uncertainties discussed above are addressed when developing RfDs by
dividing the no observable adverse effect level (NOAEL) from animal studies by
uncertainty~factors of up to

I

I

Uncertainty associated with determining chemical carcinogenicity is reflected in
-tbe-weight-of-evidonce-glassification groups assigned to carcinogens. In
-additfori7Xincertainties~are~irnrerduced"be"caUse SFs are deliviedtroTrnhelow^
dose end of the dose-response curves, and the experimental studies are usually
conducted at the high-dose end of the curve. The selected 95% UCL of the

T
f

slope of the_dose-rRsponsp rurve-is-considered an-upper-bound toxicity-vaiue;-
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It
t Therefore, it is unlikely that the SFs will underestimate risk. Actual cancer risk

may range from a low of zero to the upper limit defined bv the model.

Uncertainty is also associated with using oral toxicity factors to evaluate dermal
exposures. The use of oral toxicity factors as surrogates is necessary because
there are no dermal toxicity factors approved by EPA. Most of the uncertainly

1
exists because it is not known whether the compounds in question exhibit the
same toxicity via dermal contact as they do via the oral pathway. Default oral
absoipliuir factors were-used to adjust llie oral toxicity factors so that the ~

I
absorbed doses calculated for the dermal pathway could be evaluated. The use
of the oral absorption factors may bias the risk and hazard estimates high or low.

T
The use ef-surrogato texietty factors-fer-ehemicals lacking-texicity factors may
under- or overestimates the potential risks or hazards.

3.4.4 Risk Characterization

t
This HHRA used EPA's standard algorithms to calculate chemical intakes and

-associated health risks and hazards. There are certain assumptions inherent in
the use o'f'these equations that add uncertainty. For example, calculations of
carcinogenic risks and non-carcinogenic His assume the additivity of toxic
effects. This assumption adds uncertainty to the assessment and may result in an

I

-overestimation or-underestimation of the potential risks, depending-on whether
synergistic or antagonistic conditions apply. Exposure pathway risks are
combined assuming that a single receptor may be exposed to contamination
through a selected number of pathways concurrently. This is a conservative

I

T

estimate that may overestimate risks and hazards. Additionally, the standard
algorithms used do not consider certain factors, such as absorption or matrix
effects. In cases where these processes are important/ the risk estimates may
overestimate or underestimate the potential human risks at this site.

4.0 LEVEL 1 SCOPING ECOLOGICAL RISK ASSESSMENT

4.4 Exposure Pathways

-Groundwalei Jala collected from push probe explorations as parfof the Rl—
suggested the potential for site related contaminants to be present in site
groundwater. A groundwater monitoring program was initiated by Hahn and

I
-Asscu^tes-and-seven-monitoring-weJls-vvere-installed-at-the-T-1S-Site-(Hahn-and—
Associates, 2001 b). Because the movement of shallow groundwater at the site
has been found to be in the direction of the Willamette River, a modified Level 2

"Screening ERA was conducted on the available~groundwater monitoring data to

T
Hart Crowset . ' Page 15
15191-01 June 12, 2002

POPT1S601283



1

1
1
••
1

•1
•*

1

determine whether contaminants are present in groundwater at concentrations
at levels of potential concern to ecological receptors.

The procedures for conducting a Modified Level 2 Screening ERA were
presented in the Risk Assessment Work Plan for this site (Hart Crowser, 2001 )
and further discussed with DEQ in Port of Portland's Response to Review
Comments letter (Port of Portland, November 12, 2001). The available
groundwater monitoring data, which consists of two rounds of quarterly
groundwater monitoring of the seven monitoring wells placed on this~site, were
screened against appropriate DEt^ Ecological screening Levels (SLs) to
determine whether the detected concentrations of contaminants exceeded the
risk based screening levels. The Modified Level 2 Screening of groundwater
fialA i*» nrp^pntpfi in Tahlp 1 9

The groundwater monitoring well data from each well were screened against the
Freshwater Aquatic SLs. No PAHs or VOCs were detected in groundwater at
concentrations exceeding their corresponding SLs. There were two metals
(copper and lead in MW-3 in the first round of monitoring and lead in MW-7) for
which trie total metal concentration exceeded the corresponding i>L. i he
concentrations of total copper and lead in MW-3 in the second round of
groundwater monitoring conducted in January 2002 were below SLs for these
twrvrnpfiiK In addition the analysis if tf*p dissolved fraction of ̂ ^pper and lead
from monitoring wells MW-3 and MW-7 indicates these metals were not
detected in the samples, and there are no detected concentrations of analytes
that exceed the SLs. As dissolved metals represent the bioavailable fraction of
metals in aqueous media, it is concluded that there are no constituents in

1

•

1,

groundwater at levels of concern to aquatic ecological receptors.

4.5 Conclusions and Recommendations

In October 2001, Hart Crowser completed a Level 1 Scoping ERA for possible
ecological receptors and pathways at the Tl S Site. The site visit and historical
research did not identify any ecologically important species or habitats present in
the upland portion of this site. The site is almost entirely paved or covered by
buildings. The absence of upland habitat results in no complete exposure

iWcty^ ILJ Lcrilc.bUlcti.bpijC.liJb.

A Modified Level 2 Screening ERA was conducted on the two rounds of
groundwater monitoring data that have been collected at this site. There were

monitoring wells that exceeded their corresponding Ecological SLs. There were
two metals (copper and lead) detected in groundwater that exceeded SLs based

"orrtmj aiiulyiib. ofriiifiltertid, total metals, but when the same samples were
analyzed for dissolved metals, copper and lead were not detected. I he
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f

dissolved fraction of metals represents the bioavailable fraction in aqueous
environmental media. Therefore, it is concluded that there is no potential for
adverse ecological impacts to aquatic ecological receptors from the discharge of
groundwater to the Willamette River.

No further ERA activities-are-warranted-at this site.— —

I
Potential Human Health Risk from Fish Consumption:

I

T

The comments received by Hart Crowser on the Marine Terminal 1 Feasibility

Study (DEQ Letter dated May 3, 2002) brought up an issue that we believe is
more appropriately addressed in the risk assessment DEQ requests that the

"potential ecological and human heatffTfisRs~(i.ev viaTish consumption) associated"
with groundwater discharging to surface water be addressed. The evaluation of
potential ecological risks was addressed in the modified Level 2rScreening of the

-gFoundwater-monttGFing-well data against the new DEQ Aquatic Ecological

t

-Screening Levels in Section 4.4 and Table 12~of Hart Crowser's Terminal 1 South
Human Health and Ecological Baseline Risk Assessment The conclusions of the
modified Level 2-Screening of the new groundwater data were consistent with

J

I

the initinl rpsnlK and inctirates thaf the concentrations of compounds of interest

in groundwater are below conservative screening levels and are, therefore, below
any levels of concern from the aquatic perspective.

To address the potential human health impacts from groundwater discharges
into the Willamette River and subsequent fish ingestion by recreational anglers,

-the-available-groundwatermonitoring dala were screened against existing
Surface Water Criteria developed for the protection ot human healtlTfrom the
ingestion of fish tissue. The existing groundwaler data from the two completed
rounds of monitoring^and the DEQ and EPA screening lewis arp a^rh^H jn the
accompanying table-to-this memorandum

t
the existing data were compared against two sets of available Surface Water
Quality Criteria based on the protection of human health from the

consumption offish tissue: The DEQ Table 20 values that were developed
in 1992 and the EPA recommended National Ambient Water Quality
Criteria (A~WQC) dated AprilT999. Both sets of criteria were evaluated, as

I

i

the criteria for the primary contaminants of concern found in groundwater at
the T1S site (PAHs and arsenic) are significantly different for the Table 20

-values versus-the more reeeot EPA recommended AWQC (see Attachment—
-A-to-this-Addendtim)r- : •

All VOCs (including chloroform) were either not detected or were detected
-at concentrations belowDEQ's Surface Water Criteria for Fish Consumption
(Table 20) in alt groundwater samples.
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Non-carcinogenic PAHs were either not detected or detected at
concentrations below both DEQ's Surface Water Criteria for Fish

1

_Consumption.(.Table-20)-and^EA's-National-RecommendedAWQC-foî Fish-
Consumption in all groundwater samples.

-F-or-carcinogenic-P-AHs, the-DEQ Table 20 does ne^providc critcria-fer-
individual PAI Is but a total PAH-criteria of 31.1 mg/L Tire-more recent'EPA
Recommended Freshwater AWQC for Fish Consumption, which was
updated based on toxicity factors present in the EPA IRIS database in 1998.

I
provides criteria fnr individual PAHs and k akn h^pcl on g carcinogenic risk

standard of 1 x 10"6, is equivalent to DEQ's individual carcinogen risk
standard. We believe the EPA AWQC are more appropriate for use for
screeningTof potential human health riskTfrom fish consumption as it
benefits from more recent toxicity information.

No carcinogenic PAHs were detected in any of the groundwater monitoring
wells. However, the detection limits achieved for these sample WPI-P ahnvp

t

die EPA AWQC for fish consumption. At the present time, there is no
reason to believe that carcinogenic PAHs are present in groundwater at this
site. Generallftrlrrrisk assessments, a proxy concentration of one half the

I

detection limit is often used to represent contaminant concentrations in
situations where the contaminant has been detected in at least one sample.

-W-blie-such-ao-aoalysis is qm'te-eQf>sefvative-m-this {̂t»aUen as careinegefHe-
PAHs-were notdeteited in any o( the
concentration thus generated is generally 0.050 ug/L, essentially equal to the
EPA AWQC of 0.049 ug/L. This increases our confidence that levels of

I

f

-carcinogenic-RAHs-are-not present aboveJevels-of concera-a t̂kis-site-

The total and dissolved levels of arsenic found in the groundwater samples
exceed both DEQ and National-E-P-A-Recemmended criteria, as well as the
regional-Willamette River watershed background levehof 2.0 ug/L.
However, for the Ross Island Risk Assessments, Hart Crowser worked with
DEQ to establish an alternative Surface Water Criterion for Fish Tissue
Consumption of 20.5 ug/L based on trip FPA Region 6 Interior-Strategy:
Arsenic - Freshwater Human Health Criterion for Fish Consumption. This
value was accepted by DEQ, and all of the groundwater arsenic data (both

dissolved and total) collected at the T1S site are below this alternative

1
criterion. The EPA Region 6 Interim Strategy: Arsenic is provided as
Attachment B to this addendum.

i
Ttre conclusions ofthe human Health fish consumption exposure scenario
evaluation is that the concentrations of COIs in groundwater are below
conservative screening levels and aref therefore, below nny lpvgl«; nf

T
f

from a human-beaUh^perspective. There appears to-be no transport mechanism-
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t present at this site that would result in unacceptable concentrations of COIs

being transported to the Willamette River.

±

I

I

t

1

I

t

t

1

1

I

T
¥
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• Table 5 - Exposure Dose Equations and Exposure Factor Values: Soil Ingestion
* Marine Terminal 1 South Risk Assessment

Portland, Oregon

1

1 -

|

1

1

1-

••

1
"

1

1 -

LADDa(mg/kg-d) = C^i x IRS x CF x EF x ED
BWxAW

ADDL{mo/ka-d) = C«3 x IRS x CF x EF X ED
BWxAt™

— EXPOSUREJFACTOR^units)

Cson = Chemical concentration In soil (mg/kg)

CF = Conversion factor (kq/mo)

IRS = Incidental Soil Ingestion Rate (mg/d)
Commercial Worker
uimty/hxcavation Worker
Construction Worker
Resident - Adult
Resident -Child

Commercial Worker
Utility/Excavation Worker
Construction Worker
Resident - Adult/Child

ED = Exposure duration (year)
Commercial Worker
Utility/Excavation Worker
Construction Worker
Resident - Adult
Resident - Child

BW ~ Body weight (kg)
Adult
Child

ATcare = Averaging time for carcinogens (days)

ATTOn = Averaging time for noncarclnogens (days)

RME" Value

UCLM
C

10-6

100d

480"
33U'J

100d

400d

250d

9d

2509

350d

25d

Hr
r

30d

6d

70d

15d

25.550d

ED (years) x 365
days/year

— — CT' Value

Arithmetic Mean

10*

50d

100J

1UOh

50d

1GOd

250d

gd

2f5nh

40d

6"
0.5d

K
0.5
9d

6d

70d

15d

25.550d

ED (years) x 365
days/year

• i-auAiAV)oft5\FonotPc»tUn[M5l9t-oi T-1 RUKAssessmenl\Talile3Mjti!oS5oit-)iia(TI|
Notes:
l" Lifetime average daily close, the Intake value used to evaluate potential carcinogenic effects. For the residential evaluation, the adult and

child Intakes will bo combined as recommended In Appendix A. Section A.O of DEQ guidance (2000).
• (b) Average dally dose, the Intake value used to evaluate potential noncarcinogenic effects.
• |e> An upper one-sided 90 percent confidence limit of the mean or the maximum concentration (whichever Is lower) used for the RME.

™ DEQ (December 2000).
le} Reasonable maximum exposure.

I m Central Tendency.
(0> EPA 2001.
°* Valuea consistent with development of Utility/Excavation Worker CT Values.

1
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Table 6 - Exposure Dose Equations and Exposure Factor Values: Dermal Contact with Soil
Marine Terminal 1 South Risk Assessment

-PortlandrOregon

V

1
•

1
1
1-

•
•

1
1

LADD" (mg/kg-d) = C^nxAFxSAxDAFxEFxEDxCF
BWxAtcarc

^ADD (mg/kg-d) = C^ x AF'x SA x DAF X Eh x bU X CV
BWxAtnon

^..___ r- i / ix-\

Coca - Chemical concentration in soil (mg/kg)

AF = Soll-to-skln adherence factor (mg/cm*-event)
Commercial Woiktsr
UHlitvyExcnvatinn Wnrkpr
Construction Worker
Resident -Adult
Resident -Child

SA = Skin surface area (rm2/rlpy)
Commercial Worker
Utility/Excavation Worker
Construction Worker
1 \6SIu6iU "-1 MQUIC
Resident - Child

DAF = Dermal absorption factor (unitiess)

f>>mmprdal Wnrkpr

Utility/Excavation Worker
Construction Worker
Resident -Adult/Child

Commercial Worker
Utility/Excavation Worker
Construction Worker
Resident - Adult

CF = Conversion factor (kg/mg)

Adult
Child

ATcarc = Averaging time for carcinogens (days)

ATnon = Averaging Urns f^r nTtcarcinogens (days)

e»«cO \fniuaKMc value

uciV

0.08d

10d

0.3h

0.08d

1.0"

410013

4100"
3300"
0900
5000d

Chemical-specific

7f5f>d

9"
250h

350d

25d

1d

1h
rt

30
Rd

10̂

70J
Iff1

25,550d

ED (years) x 365
days/year11

I"T^ ^^-alttAit i vaiuo

Arithmetic Mean

0.08rt

0 3d

0.3"
0.08d

0.3d

3200d

3200rf

3200"
0200
•1500d

Chemical-specific

9?iOd

9d

250"
40d

6d

0.5"
0.51

A

9
Rd
13

Iff6

70 J

,c4
\£>

25,550 d

£D /yogrg) X 365

days/year11

I
FADATAUobs'Portcf PortteRd\t5191-01 T-1 Risk AssessmenaTaWes\TabIe6Deitnrri)

Notes:
-̂ -titallme absorbed (ially doso, Intake ualuo need to evaluate polonfol eardnogonfe-effesdc. Fof U» rasldontfal ovoluaHon, tho oduft-and chHd Inlches

trill bo combined as recommendsd In Appendix A, Section A.O of DgQ guidance (2000).
'̂-Afi*»nrtw»H715iK77fn«fl intzdtfl unlrrn licrv l̂ri ovaKttifa rvMAnlial nnnr-arHnnn«nin AffAntaose, intake valuo used To evaluate potential noncardnogenic effects.

(0> An upper one-sided 90 percent confidence Emit of the mean or the maximum concentration (whichever Is lower) was used tor Ihe RME.
w DEQ (December 2000).
'" Reasonable maxfmum exposuro.

T
' Equal to DEQ UQity/Excavation Worker Values.

51 Values consistent with development of Utillty/ExcavaHon Worker CT Values.

t
POPT1S601295
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Table 7 • Exposure Dose Equations and Exposure Factor Values:
Inhalation of Volatiles

- Marine-Terminal 1 South Risk Assessment
Portland, Oregon

•

1
V

1

•m
1

_

1

••

1 Anna (mg/kg-rt) = f ĵc.

ADDb (mg/kg-d) = C^x

Exposure Factor (units)

C i ~ Ohfimrf^l ronn/^nfmtinn in iir tmnfm \

IR = Inhalation rate (rn3/day)
Commercial Worker
Utility/Excavation Worker
Construction Worker
Resident - Adult
Resident - Child

EF = Exposure frequency (days/year)
Commercial Worker
Utility/Excavation Worker

Resident Adult/Child

ED = Exposure duration (years)
Commercial Worker
Utility/Excavation Worker
Construction Worker
Resident - Adult
Resident - Child

BW = Body weight (kg)
Adult
Child

AT" ~ Avorflninn tfmA fnr î rplnnnFtn*; /H*i\/<î

Atnan = Averaging time for noncarcinogens
(days)

IR x FF x FO
BW x A\fa,c

IR x EF x ED
BWxAt™

RMEf Value

1 in c
UV-.LDO

15.2s

15.2e

20'
15.2C

8.3e

250e

9°
o^n'riDU
•acn0

25e

1e

11

30°
6°

70°
15e

oc fifinc

ED (years) x 365
days/year

devalue

1S.2a

15.2a

15.2h

15.2e

8.3°

250°
9e

syrrJx.oVJ
ocrv®

se

0.58

0.51

9°
6e

70e

15e

oc ccn^

ED (years) x 365
days/year

F;\DATAUch5\Port of Po»»an<fl15t91-0l T-1 «skAssessn»nRTabtes\Trfil

1

I

w LJfeUme average daily dose. Intake value used to evaluate potential carcinogenic effects. For the residential evaluation, the edull
and child intakes will be combined as retommended In Appendix A, Section A.O of DEQ guidance (2000).

m Average daily dose, intake value used to evaluate potential noncardnogenic effects.
w one-sided 90 percsiii (xinndencQ-llmttDfthe-mean Of Oie maximum concantrafion (whichever Is lower) was used~for the RMt.
was derived from soil and groundwaler concenlraHons using models discussed in DEQ guidance (1999 and 2000),

(B) DEQ (December 2000).
(1) Reasonable maximum exposure.
<a Central Tendency.
"" Equal to-DEQ UUIityyExcavatlon V^cike
J EPA 2001
«" Values consistent with development of Utility/Excavation Worker CT Values.

POPT1S601296
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Table 8 - Exposure Dose Equations and Exposure Factor Values:
Inhalation of Dust .

-Marine-Terminal-1-South Risk Assessment
Portland, Oregon

•

1
1
1

1•
1
1
1

'

I Ann3 (mg/kg-d) = PIVVxJR x EF x ED
BWxAtca*

ADD" (mq/kfl-d) = PM,r, x IR x EF x ED
BWxAU,

Exposure Factor (units)

„„ d ^^^PMio — Resplrable particulate concentration in air
(mg/m3)

IR =: Inhalation rate fm3/rlav)

Commercial Worker
Utility/Excavation Worker
Construction Worker
Resident - Adult
Resident -Child

EF = Exposure frequency (days/year)
Commercial Worker
Utilily/ExcavatiOM Worker

onstruction worKer
Resident -Adult/Child

Fp =• Fxpo^1 ire duration (ysars)
CommBrnlal Worker

Utility/Excavation Worker
Construction Worker
Resident - Adult
Resident - Child

BW = Body weight (kg)
Adult
Child

AT A 11 t • /-I \ATcaro ~ Averaging time for carcinogens (days)

Atpon = Averaging time for noncarcinogens
(days)

RMEf Value

1 l/"*1 c

UOLgo

152e

15.2°
201

15.28

8.3°

2506

nA

9
zoo
350e

?fi°

1I

30°
6B

70a

15e

25,050

ED (years) x 365
days/year

CT° Value

Arithmetic Mean

152e

15.2"
15.2h

15.2e

8.3B

250a

9**

irn1
200
3508

6e

0.5°
0.51

9a

6°

70e

156

25,500

ED (years) x 365
days/year

F:\DATAVJobs\PortofPortlajicM5t91-01 T-1 RJskMsessirenWrablesVTabteSWiatfTI)

I

Notes:
w Lifetime average daily dose, Intake value used to evaluate potential carcinogenic effects. For the residential evaluation, the adult

and child intakes will be combined as recommended In Appendix A, Section A.O of DEQ guidance (2000).
^ Average daily dose. Intake value used to evaluate potential noncarcinoganlc atfecls.
ic> Upper one-sided 90 percent confidence limit of the mean or the maximum concentration (whichever Is lower) was used for the RME.

~m-PMn was derivediisrng thePartcalate^Emission-FactDTBquallon preseriterfTn'DEQ guWance"(2000):
t«> DEQ (December 2000).
w Reasonable maximum exposure.
(g> Central Tendency.
(n> Equal to BEQ Utility/Excavation Worker Values: : :

T
"" EPA 2001
<gl Values consistent with development of Utility/Excavation Worker CT Values.
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SubArea

Area A.

AreaB

AreaC

Exposure Scenario

Resident

Commercial Worker

Resident

Commercial Worker

Resident

Commercial Worker

COPC

Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
UiDen£(a,h)anuuacene
1ndeno(1 ,2,3-cd)pyrene
Arsenic
Tetrachloroethene
TOTAL

Ber>zo(a)anthracene
Benzo(a)pyrene
Beiuu(b)fluuianlhene
Dibcn .̂(ci,l i)anthracens
lndeno(1 ,2,3-cd)pyrene
Arsenic

TOTAL

Benzo(a)anthracene
Benzo(a)pwene
Beflzofbjfluoranthene
lndeno(1 ,2,3-cd}pyrene
Arsenic
Chloroform
TOTAL

Benzo(a)anthracene
Ren7o(a)pyflnfi
Benzo(b)ftunranthene
lndeno(1,2,3-cd)pyrene
Arsenic
TOTAL

Arsenic

Arsenic

RME Cancer Risk

Ingestion

4.E-06
4.E-05
3.E-06
3.h-OB
1.E-06
3.E-05

na
;c-05^

5.E-07
5.E-06
.c-07

4 C A7,C-Ur
2.E-07
4.E-06

1 E-05

3.E-07
4 E-06
3E-07
2.E-07
1.E-05

na
2.E-05

4.E-08
5.E-Q7
3.E-08
3.E-08
2.E-06
2.E-06

1.E-05

2.E-06

Dermal

6.E-06
5.E-05
4.E-06
b.E-Q6
2.E-06 "
1.E-Q5

na
8 C t\K.C-U3

2.E-07
2.E-06

.c-Of
*> r f\7

8.E-08
4.E-07

na
3E-06

4.E-07
-5.E-06
--4,E^07_

3.E-07
4.E-06

na
1.E-05

2.E-08
2.E-07
1.E-08

' 1.E-08
2.E-07
4.E-07

4.E-06

2.E-07

Inhalation
ofVolaUles

na
na
na
na
na
na

4.E-09
4.E-v9

na
na
na

na
na

6 E-10
6E-10

na
na
n?
na
na

3.E-08
na

na
na

. na
na
na
na

na

na

Inhalation
of Dust

1.E-10
1.E-09
8.E-11
1.E-10
4.E-11
2.E-08

na
3 n nn.Ll'UU

3.E-11
2.E-10
.̂t-11

? r* ^'1

9.E-12
5.E-09

na
5F=-Q9

9.E-12
1 E-10
9E-1?
7.E-12
9.E-09

na
9.E-09

2.E-12
2.E-11
2.E-12
2.E-12
2.E-09
2.E-09

8.E-09

2.E-09

TOTAL

H
4.E-09
2 p _r\A

7.E-07

c c f\~73.t-Uf
R F-O7

3.E-07

6 E-10
1,E-05

7.E-07
;S^KB î

Rr^-07

6.E-07

3.E-08
gggĵ BS^

5.E-08
7.E-07
5.E-08
4.E-08

3.E-06

^^^^^

F:\OATAVIcte'Pc«cf PorttuKfit519t-01 T-1 KskAssessmenMatitasWaKa 10 and 11 Risk Sum

I

f

Note:
1. Shaded boxes Indicate COPC that exceeds DEQ acceptable risk target.
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Arsenic is a ubiquitous, naturally-occurring element. Increased levels
of arsenic in water and soil can be found in certain areas of the country ^^
as a result of leaching from roclTinto ground water, and possible
geothermal activity. In addition, nonferrous mining and smelting
operations, refining operations and now discontinued pesticide
manufacturing facilities may add to increased levels of arsenic in

4
water_Dnly Vftry limited quantities nf arstmifi-rnntaining pp.stir.iftes are
still manufactured and used under strict limitations in the U.S. They
represent a minimal source of arsenic exposure.

1
~ATsenic~may exist iirbolh an organic and inuigaiuc Ruui, eitliw in the
trivalent or pentavalent state. The inorganic form is associated with the
toxicity described in this risk characterization. Arsenic usually occurs
in waters as inorganic oxides in the pentavalent form. Trivalent forms

~of arsenic (inorganic and organic) are more toxic to humans and
aquatic organisms and are usually only present under anaerobic
conditions. •I

T oxidation
trivalent >pentavalent

htto://www.ena.eov/earth 1 r6/6wa/ecoDro/watershd/standard/arsenic.htm 6/12/2002
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t forms<— forms"
reduction

Sources of human exposure to arsenic compounds may include air,

T

soil, water and food. Dietary sources may include dairy products, meat,
poultry and fish, fruits and vegetable and grain products. Water quality

w

1•-
1

criteria may he established to protect consumption of water and/or fish.

Regulatory History

The Environmental Protection Ageiiuy (EPA) Utiice ul Water nas
established guidance or regulations for arsenic under the Cletui Walei
Act (CWA) and the Safe Drinking Water Act (SDWA). Under the
CWA, a water quality criterion for arsenic - fish consumption was
established at 0.14 ug/L in 1992 using the hazard assessment in EPA's

I

;̂ B
>Vk

••

1

i

Integrated Risk Information System (IRIS) database according to the
current methodology for developing ambient water quality criteria for
human health. The criterion for water -f fish consumption is 0.018
ug/L. [For further information concerning TRTS, see Appendix A].
These arsenic water quality criteria represent a one in one million (10-
6) cancer risk level for arsenic exposures.

. .

contaminant level (MCL) issued under the SDWA of 50 ug/L, This
level was developed in the mid- 1940s by the Public Health Service and
is not based on a risk assessment as we know it. Since the SDWA was
passed in 1974, EPA Office ot Water has been in the process of
reevaluating the MCL. More recent data and analyses raise questions
about the adequacy of the current MCL to protect human health "with a
margin of safety." In addition, EPA Office of Water has been in the
process of developing a drinking water health advisory, which is a non-
regulatory guidance document, since 1985. Both the MCL revision and

— «k iin^ortii'Mrigg-ooc^figt-prl uritti-thpi riclr TVif> Qafp Tin'nlrino Water Art

Amendments of 1996 mandates that a revised regulation for arsenic be
proposed by January 1,2000. The 1996 amendments also require that
EPA develop a comprehensive plan for study oFheafth-risks-to-suppert-
the revised MCL within~t80 days orenaclmentxjfthe-ameudtnents.

Purpose of Arsenic Interim Strategy

As discussed above, there is currently no agreement between the
recommended criteria developed pursuant to the CWA and the MCL

-dcveloped-pursuant to the SDWA. There-arg-also questions r.nnr.Rming
-thetoxie&jKlatabase used-in developing-the cancetpotency-slope.-
While these issues need resolution and are being addressed by EPA
Headquarters, the purpose of this strategy is to determine a reasonable
approach Lo mtuipietiiig'the-arseiiic criterion-recommended to proteet-
human health via the exposure route of consuming fish. The confasion-
over the appropriate criterion for freshwater fish consumption arose

httD://www.epa.eov/earthlr676wa/ecopro/watershd/standard/arsenic.htm 6/12/2002
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"during (herpromulgation of the National Toxics Role. In 1991, EPA—
proposed the National Toxics Rule in the Federal Register. EPA
received two comments (# 68 and # 74) which expressed concern over
the different forms of arsenic in fish and the degree of carcjnogenicity
of different forms of arsenic. In the final National Toxics Rule, issued
December 22,1992, a footnote was added to the human health criteria
Tor arsenic (fish consumption only and water and fish consumption)

i

that stated EPA's criteria apply nnly to the ii?nrg'arric form of arsenic
(EPA, 1992). Criteria based on inorganic arsenic are difficult to
regulate and require additional resources for water quality analyses.

-States-continue to-usc arsenic in-eriteria and-imptementation withotrt-
~recognizing that tnost-of the arscoic-is-in the organic-form in frcshwater-
finfish. Since most of the arsenic present in finfish is in the organic
form, criteria can be modified to reflect this.

While there may be several approaches to account ibr the different
forms of arsenic in finfish, Region 6 recommends that States and
Tribes adopt an arsenic criterion based upon the inorganic fraction that

t would be found in edible fish tissue (no Region 6 State or Tribe is in
the National Toxics Rule for arsenic). This approach does not
reevaluate the toxicity information, but looks at bioconcentration of

-inorganic-arsenic from the watet^body into freshwater fmfish^-The-
-steategy-can be used by any State or Tribe iftJRegion-6-tbat-is-adoptiflg-
a risk-based criterion to protect human health from consuming
inorganic arsenic found in finfish.

1
Criteria Development foFUitice of Water

The EPA Office of Water develops drinking water criteria or
regulatory levels to protect human health under the CWA and the

I

t

I

SDWA. Criteria developed under the CWA are developed to restore
and maintain the chemical, physical, and biological integrity of all

-navigable waters. States mav-adopi-these-criteriaJn^teveloping their-
-State water-quality standards or develop-their own criteria^

Under the SDWA, criteria are referred to as Maximum Contaminant
Level Goals (MCLGs) and are developed as non-enfbrceabte-hga1m~-
goals that are protective of adverse healdi effects~Snd incorporate a
margin of safety. Maximum Contaminant Levels (MCLs) are
enforceable standards and are based on risk characterization. Factors
such as analytical methods, technology and costs, economic impact and

i

regulatory impact may also be used in the development of MCLs.
MCLs apply to the concentration of a contaminant at the tap. States
must adopt Federal drinking water st?ndftrftg (MCLs) nr develop mnre

-sbingent-levels-iii-a-certain4ime-period-fbllowing-promulgation^>fa-
drinking water standard.

The methodology to develop criteria for oauh program has evolved
separately and incorporates different policies and assumptions. As a
result, criteria for the same contaminant under the CWA and the

httD://www.eoa.eov/earthlr6/6wa/econro/watershd/standard/arsenic.htm 6/12/2002
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SJJ WA can be different, even though they protect human health
through drinking water exposures. Information on arsenic and the
uncertainties with the human health arsenic criteria are found hi
Appendix B. The following equation was used to develop human
health criteria for fish consumption under the CWA:

"-1""""11 RFxBW

•
™

1

1

,

t,

-•-

t

1

f .

W

f
J|'

ql*[BCFxFC]
where: RF = risk factor (dimensionless)

B W - body weight (kg)
q 1 * — cancer potency factor
(nig/kg/day)-!
BCF = bioconcentration factor (L/kg)
FC = fish consumption rate (kgVday)

Bioconcentration Factor

The amount of pollutant that will accumulate in fish/shellfish 's

important to estimate since this route of exposure is potentially
significant to human populations. Bioaccumulation occurs both
through uptake across the gill membranes and other-external body
surfaces (bioconcentration) and through iugeslion of contaminated
food (biomagnification). Arsenic does not appear to progressively
accumulate through the food chain (Callahan et al., 1979 and EPA,
1982, 1983 in ATSDR, 1993). liPA generally recommends that fish
fillets be used to measure chemical contamination as this is portion
consumed by humans (EPA, 1 989). In cases where whole fish is
consumed bv certain subpopulations or where toxicity to wildlife is of
concern, measurements from whole fish are more appropriate (EPA,
1995).

A mKiunt YI7>»tj»i- fWnlifir fi-itr-i-I-i fr\r A rffnlt* HTP A 1 OSfYk Thp ftfl?/UuDieni water v^uaniy v^nicna lor Anscnic \J3rr\j lyou^. inoDv^r
was calculated from the geometric mean (weighted with consumption
rates) of two species. Data from the eastern oyster (BCF=350, 1 12 day
test) and bluegill (BCF-4, 28 day test) resulted in a BCF for arsenic of
44. The criteria document also stated that i$CFs of 0 were obtained
from tests with rainbow trout. The data for the rainbow trout was not
used in the calculation of the BCF. EPA Region 6 believes that the use
of the eastern oyster data most likely overestimates the health risks
associated with freshwater finfish consumption.

-TheJBCF from the-bluegill test was obtained from wholeJaody-
-measurementsrwhile^the-BGF-for-the eastern oyster-was^neasured-
using soft parts. BCFs for muscle tissue, the edible portion, should be
lower than results obtained with whole fish (Stephan, 1993). Literature
also supports tins-theory. Azcne and Dixon (1994) measured^
four tissues ofthe rock bass. The highest concentration was~found in
bone and scales, followed by (in decreasing concentration), intestines

httD://www.ena.erov/earthlr6/6wa/econro/watershd/standard/arsenic.htni 6/12/2007.
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and contents, muscle and'liver. A BCF~of 0.71 was calculated using the
mean concentration for muscle tissue (0.04 mg/kg) divided by the
concentration in water (0.056 mg/L). In comparison, a BCF of 2.3 was
calculated from the mean whole-body concentration of rock bass
(0.128 mg/kg). So, the BCF based on the whole fish tissue was 3 times
greater than the BCF based on muscle tissue.

A draft version of the43reat-LakesJmtiatlve-pTOposed-a-BCF-of-l-
(Stephan, 1993). The Final Water Quality Guidance for the Great
Lakes Initiative, Federal Register March 23,1995, pp 15366 -15425,

"didiiul uuutamliuiiiairliculLh uiilcilcifui ulsciUC. Additional ~
information presented below indicates that the bioconcentratron factor
for arsenic in freshwater fish is considerably lower than the BCF of 44.

T
The 1984 criteria document for arsenic (EPA, 1985) contains

t

BCFs for fish. The BCFs were calculated from whole body
measurements and range from 0 to 4 (EPA, 1985). Results for
invertebrates ranged from 0 fn 17. Data for the eastern nyster and
thg bluegill were the only rnftssurcrflffnts from Table 5
calculate the current BCF of 44 (EPA, 1980).

m

|
•

t

I
d

1

• L-acayo-erair^ivyzj measured total arsemc-in warerpiren ana
sediments in a lake in Nicaragua. Raw data was not available in
this study, tissue concentrations were reported in ranges. BCFs
were calculated by averaging the high end of the ranges (BCF =
12.6), the midpoint of the ranges (BCF = 6.3) and the low end ot
the ranges (BCF = 0.53).

• Marine organisms, particularly crustaceans and mollusks, appear
to contain highf-r arsenic concentrations than freshwater fiRh
(Cullen, 1989).

States and Tribes may wish to use data from whole body measurements
lor derivation of BAr rather Ihau lisli iilluls 11 suupupuialious exist
which consume skin, heads or other parts of the fish. Differences in
cooking preparation may affect the bioavailablity of containments.

A water quality study in the Middle Rio Grande is currently underway
with the City of Albuquerque, the Pueblo of Isleta, the New Mexico

t, the IIS r?Gfilngical Survey and P.PA Region
t-objectivcs of the project is-to-calculate a site=specific-bicb-

accumulation factor for arsenic based on fish species in the middle Rio
Grande. A joint report from the study cooperators is scheduled to be

-fdeased-byifae-participants in 1997. EPA-RegiofH&dhiterim Arscnte—
^Strategy-may be^mended-foHowing-completiorrofthis-studyrln-the-
meantime, Region 6 recommends that a BCF of 1, as proposed during
the Great Lakes initiative, be used in the calculation of human health
criteria. ' ~~

Inorganic Arsenic and Organic Arsenic

httn://www.ena.EOV/earthlr676wa/ecooro/watershd/standaroVarsenic.htm fi/12/2002
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As discussed under General Information, arsenic may be present in
surface and groundwater as inorganic or organic compounds. Fish
tissue also contains inorganic and organic compounds. Most analyses
of arsenic related to fish consumption have focused on marine
organisms and have determined that arsenic in marine organisms is
primarily present as organic compounds (arsenobetaine and
flrgftnnr.hftliriR in r.p.rtain species). Various articles Tiavg nnfaH that

-abgeBce-of-aKemc-celated-Joodyoisonings-from-seafood throughout
history (Kaise et al. 1985, Yamauchi et al., 1986, Edmonds and
Francesconi, 1993). Several studies have measured inorganic arsenic in
freshwater fish and-other food groups and-were reviewed-dttring

"development uf the Interim-Strategy.

• According to Weiler (1987), studies performed by the Canadian
Ministry of the Environment measured~10% of total arsenic in
freshwater fish as inorganic.

T.awrenr.ft eh al. (IQRfi) measured organic arsenic in fish and

t
-sheUfisli-Organic arsenic-ranged from 71% to 85% of totaL
arsenic in freshwater fish. The organic compound obtained from
this analysis was not identified; however, it was more

-hydropMlie-thaa-afsenobctainc, which may mean that it is-
absorbed and~excreted rapidly. In marine fish and shellfish, the~
organic portion of total arsenic ranged from 74-91%.

'40.'

I
1
f

.

-J|

t
i
1

• Analysis ot six species ot Ireshwater nsn in the Lower Columbia
River measured 0.1 to 27% of total arsenic present as inorganic
arsenic (Tetra Tech, 1 996).

The organic forms arc considered much less toxic but data are
insufficient to characterize the risk. Edmonds and Francesconi (1993)
reported that, to the best of their knowledge, there is no evidence to
indicate the dcmethylation of arsenic (organic inorganic) in animals.
Several studies have examined the effects of organic arsenic in animals
and humans. Four articles are summarized below.

• Kaise et al. (1985) administered arsenobetaine (organic) and
arsenic trioxide (inorganic) to mice. No deaths or abnormal
effects were observed in mice that received arsenobetaine,
therefore, the lethal dose (LD50) of arsenobetaine was more than
the maximum dose of 10 g/kg. The LD50 of arsenic trioxide was
0.0345 g/kg. Arsenobetaine was also measured in urine and was
found to be unchanged from the form ingested. 46.4 % of the

• Yamauchi et al. (1986) administered arsenobetaine to hamsters
to determine the metabolism and excretion using
tnmethylarsenic (IMA) organic compound. Inorganic arsenic,
TMA, methylarsonic acid (MAA) and dimethylarsinic acid
(DMAA) were measured after 1 hr, 6 lirs, 12 hrs, 24 hrs, 72 hrs

httn://www.eDa.gov/earthlr6/6wa/econro/watershd/standard/arsenic.htni 6/12/20f)2
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~and~r20 hrs in the following tissues: brain, hair, kidney, liver,
lung, muscle, skin and spleen. MAA and DMAA were not
detected in organ and tissues. Also, the concentration of
inorganic arsenic in tissues and organs remained similar to the
control group, which suggests that arsenobetaine is not converted
in vivo into other arsenic compounds. After 120 hrs of
administration of arsenobetaine, 90.5% of arsenic had been

-excreted-in urine.

Brown et al. (1990) conducted an experiment in which
-^volunteers were fed codfish with radioactive labeled—
ai'suriobetainorltrafrsix subjects, less lhan~t% of the labeled-
arsenobetaine remained in the body after 24 days (92% was
eliminated within 8 days).

Tarn et al. (1982) fed flounder containing approximately 50 ug/g
of arsenic to fifteen individuals. Urine and fecal samples were
collected prior to ingestion of the flounder and for the following

-8-days. An-average-of 76 76% (range 60.R% - 86 ?%) was
excreted in urine within 8 days. In contrast, only 0.33% of the
arsenic was measured in feces.

^m '

18-

1

I

The joint study of the Middle Rio Grande is measuiuig niotgauic and
organic arsenic in fish. The results of these analyses may also be used
to amend EPA Region 6's Strategy. Although most literature reported
inorganic arsenic as less than 10%, the data was either unpublished or
did not list individual species. Therefore, EPA Region 6 recommends
that a conservative estimate of 30% inorganic arsenic from Lawrence
et. al (1986X be used in the calculation of the arsenic human health
criterion.

EPA Region 6 Recommended Criteria

. . .

human health criterion for freshwater fish consumption be calculated
by the formula presented below. The criterion can be further modified
by changing the assumed values tor body weight, fish consumption, or
nsk factor as designated in State or Tribal Water Quality Standards.
The value of 6.5 g/day for fish consumption is based on market survey
data gathered in 1973-1974. EPA is evaluating more recent surveys for
revision of the default value. Guidance on developing site-specific
surveys to determine fish consumption is available from EPA.

-€riterien-= -Sf-xEW

I
—crr*[BeF-x-Fex-I]-

0.0205 mg/L 10-6 x 70 kg
or «

1.75 (mg/kg/day)-1-fHAg-x-Q;ee65-kg/day x .30]20.5 ug/L

httD://www.eDa.eov/earthlr6/6wq/ecoDro/watershd/standard/arsenic.htm 6/12/2002
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f
.

.

where: 10"̂
70kg
1.75
rnp/kWdav
IL/kg

RIr = nsk factor
BW= body weight

ql * - cancer potency factor

BCF= bioconcentration factor
0.0065 kg/day FC - fish consumption rate
ft _rc — j—= percent of total arsenic in fish-tissue
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Appendix A: Agency KifD and C'ancer Assessment Process, and
Integrated Risk Information System (IRIS)

For chemicals suspected of being carcinogenic to humans, the risk-
assessment consists of the weight of evidence of carcinogenicity in
humans, using bioassays in animals and human epidemiology studies

evidence that the substance is a carcinogen and to provide an
upperbound estimate of the possible risk of human exposure to the
substance in drinking water. Substances are placed in one of five
categories reflecting weight of evidence:

Group A - Human carcinogen based on sufficient information in
human studies;

Group B - Probable human carcinogen based on limited evidence in

http://www.eDa.eov/earthlr6/6wq/ecoDro/watershd/standard/arsenic.htm 6/12/2002
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human (Group Bl")7TJrsiifficient evidence in animals in the absence of
human information (Group B2);

Group C - Possible human carcinogen based on limited evidence of
carcinogenicity in animals in the absence of human data.

—Group D - Not classifiable-based-on4ack-o£data or inadequate
in-animalt

1 Group E - No evidence of carcinogenicity in humans.

^1 lexicological evidence leads to the classification of a contaminant as
a carcinogen, mathematical models are used to estimate an upperbound
excess cancer risk associated with lifetime exposure through drinking
water. Several models are available to extrapolate data. EPA generally

f

t

uses the linearized multistage (LMS) model which fits linear dose-
response curves to low doses. It is consistent with a no-threshold model

-of-carcinogenesis, ie., exposure to-even a-veiy^maU-amojjntof4he-
-sobstance4heoretically-r>ffldu€es-a^BiteJncreascd-r4sk-of-eanccr. The-
LMS model uses dose response data from an appropriate study to
calculate a carcinogenic potency factor (ql*) which is then used to
uetenuuic conccutt utions uf witci that utu ussuci<itcd with IIic

i

iheoreticatTipperbonnd excess lifetime cancer risk of one inteir
thousand (10-4) to one in one million (10-6).

^ The risk assessment for noncancer health effects can. be characterized

1

1

•±
I
1

by the reference dose (RfD). The oral RfD (in mg/kg/d) is an estimate,
with an uncertainty spanning perhaps an order of magnitude, of a daily
exposure to the human population (including sensitive subgroups) that
is 1ilr«|y to hft without an appreciable risk of dftlp-tp-rious health effect"
during a lifetime. The RfD is derived from a no- or lowest observed
adverse effect level (called the NOAEL or LOAEL, respectively) that

TlTPlA'CT .n.,- T /"» A T7T in AllllAaA K.. nn I-HL T.'T.^ I^ l^ l rP^^t ( A +- A l l . r tl^a.JNt/AJbJL or HJAJbL, is divided oy an uncertainty ractor(s) to deuve tne
RfD. Although the RfD is expressed as a single number, it is actually a
range with an inherent uncertainty of an order of magnitude.

Uncertainty factors are used to estimate the comparable no- effect level
for a large heterogeneous human population. The use of uncertainty
factors accounts for several data gaps including intra- and interspecies

*

§

differences in response to tnyjcify the, small purnber of Animals
compared to the size of the population, sensitive subpopulations and
the possibility of synergistic action between chemicals. Uncertainty

-factors may-vary from 1 to-30,000. There is very little confidence in on-
-assessment-where-the^incertainty-faetoris-greaterthan^iOOOr

Appendix B; Health Effects of Arsenic

In evaluating the risks posed by arsenic exposure, risk analysts are
fortunate to have a large human database. Humans appear to be more

httn://www.ena. eov/earth 1 r6/6wq/ecODro/watershd/standard/arsenic .htm 6/12/2002
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sensitive to the carcinogenic effects of arsenic than animals. Ingestion
of arsenic contaminated water and soil can result in both carcinogenic
and noncarcinogenic health effects:

Carcinogenic Effects:

Î»
I
f

f*
I

Sri ifiprf*n*?f*H inciflfnpf* nF^ldn o^nfpr in ^Yftf>*tpf1 nnnnlufion^ ^?tiiflif*eL

have been conducted in Taiwan, Mexico, Chile, Hungary, and
Argentina. The studies conducted outside of Taiwan evaluated
pupulaliuiis much smaller m size thctii the 1 aiwan study. The Taiwan
study also reported a weak association between arsenic ingestion and
increased incidence of internal cancers such as cancers of the liver,
bladder, kidney, and lung. Studies conducted in the US have not
demonstrated an association between arsenic hi drinking water and
skin cancer. While there was no demonstrated elevated cancer
incidence hi these U.S. populations, the population sizes studied were
too small and/or the lengths of exposure time too short to expect to see
an effect.

The largest epidemiology study is the Taiwan study (Tseng etc al~,
i yQoj, wmon iiiao scrvt-s us unj DUSIS tor me E>CJ\. nsK. aSocsaiiicnis lor
arsenic discussed below. In this study, an increased prevalence of skin
cancer was observed in 40,000 Taiwanese consuming arsenic
contaminated drinking water (0.05 to >1 mg/L) from artesian wells as
compared with 7,500 residents of Taiwan or Matsu consuming "arsenic
- free" (0-0.017 mg/L) drinking water. The number ot people with skin
cancer was reported to increase in association with increasing
concentrations in the water they consumed.

i
_
*'*
<ix

i
•I,

tv
r
§

Related to carcinogenicity, arsenic is a genotoxic agent that induces
chromosomal aberrations, micronuclei and sister chromatid exchange
in mnrnmnlinn cpll*? find nponl'Vitif tT5inc;frbnnfif'inn'! in ^Ivri5in HiTtiitpr

Thus, no animal model is available for studying arsenic-induced
cancer.

EPA and other organizations such as the International Agency for
Research on Cancer (IARC) have classified arsenic as a human
carcinogen. (See Appendix A for further discussion of cancer hazard
assessment.) This classification is based on sufficient evidence of
carcinogenicity from human data involving occupational and drinking
water exposures. EPA used the evidence of skin cancer reported in the
Taiwan stiiflv ac the basis fof tlnf. «rci»ni<- Via^arH anri rtnce TP1>tVW»<!'i

;>qcfac;Q|v>f»T|f TT^itlfT f\ flinp unH flo'Jp- Hpnf*tii1pnt Tmi1H«;t'3<Tf% moHpl

which assumes that any exposure to a compound such as arsenic could
result in a cancer response, the cancer potency (ql*) estimated for
ingested arsenic is 1.75 nig/kg/day. fliis potency can then be used lo
estimate uoiiceiilrations of arsenic'in water associated with an

. increased cancer risk of one in ten thousand (10-4) to one in one

' V

http://www.epa.gov/earthlr6/6wq/ecopro/watershd/standard/arsenic.htm . 6/12/2002
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~~ million (10-6): ^

10-4=1.8 ug/L ;

10-6 = 0.018 ug/L

Altflough-this-assessmeri^has been adopted by the Agency and-
*-ofissues-and

uncertainries that make the skin cancer risk assessment conclusions
incomplete and uncertain (see Issues and Uncertainties below) and
thus, complicate nsk management decisions.

I Noncarcinogenic Effects:

T
t

fn addition to the cancer effects observed in epidemiological studies,
arsenic exposure has also been reported to result in adverse health
effects other than cancer in human and animal studies. Dermal changes
including variations^n-skin-pigmentSrthickening-of the skin

-(erg7^iyperkcratosis)and-trfeefattons,
peripheral vascular effects, cardiac effects, gastrointestinal and liver
effects, and diabetes have been observed.

Acute high-dose oral exposure (e.g., poisonings) to arsenic typically
leads to gastrointestinal irritation accompanied by difficulty in
swallowing, thirst, abnormally low blood pressure, and convulsions.

The most common signs of long-term arsenic exposure from drinking
water are dermal changes such as variations in skin pigments,

-jvaseular disease, has been associated with chronic arscoiG-exposuie-ia--
Taiwan; however, the exact etiologic mechanism is unknown. Studies
in Canada and US report neurological effects after chronic exposure

"from drinking water containing arsenic. Enlargementof Ihe liver was
observed in populations in India that were exposed to arsenic in
drinking water. An association between ingested arsenic and ischemic
heart disease (low oxygen supply to the heart muscle)and diabetes
mellitus (hyperglycemia or diabetes) have been reported in the area of
Taiwan where Blackfoot disease is endemic.

There, is no clear consensus among Agency scientists on the reference
(Rfn) workgroup tn p.gtim^tft qnd oral R n~V Applying

Agency's R£D methodology (see Appendix A for further discussion on
RfDs), the EPA Risk Assessment Council determined that strong

-scientific arguments could be-made for various values withirra-factor—

ug/kg/d. The Taiwan data are used to estimate the RfD of 0.3 ug/kg/d,
at which no adverse effects (hyperpigmentarion, keratosis and possible

T
vascular complications) were observed. It should be noted, however,
that the RfD methodology, by definition, assumes that for each
estimate there is an inherent uncertainty spanning perhaps an order of

htth://www.ena.eov/earthlr6/6wa/ecoDro/watershd/standard/arsenic.htm 6/12/2002
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magnihide. The arsenic summary on IRIS is the first to articulate this
point.

Jssiies_andJUncertainties;_

As noted above, there are a number of issues and uncertainties
-assoeiated-wttft-the-cancer-andiioncancer health-effects and-subsequent
Tisk~assessinent'for arsenicrSome of these relate tu arsenic in generaf-
and some are specific to use of the Taiwan study to quantify the risk.

General:

i
r

1. Arsenic may be either inorganic or organic. The inorganic form is
_assocJated^vimiheJiealth_effects.describ£daboy.e.jrhe_OTganic.fornv
which is often fnnnH in fish and some seafoods, appears to b
toxic.

-^-Tfae-typical US diet contains-tO^-20-og-inorganic arsenic/dayr-

t
3. Arguments have been made that arsenic is an essential element
(NRC, 1989) with a nutritional requirement of 12 - 25 ug/d (Uthus,
1994). Studies in rats, hamsters, minipigs, goats and chicks indicate

I

1

that it is essential for normal growth and development.

4. Recent hnrnan data frnm dialysis patients suggest that patients with
-lower serum-levels of arsenic are^nore susceptible to CNS-aruL
vascular disease and cancer (Mayer et al., 1993). However, more
studies are needed in this area.

I
can be detoxified af low exposwe^eve1srGenetic7dietary~or

other lifestyle factors may enhance or inhibit potential arsenic
detoxification processes in humans. Preliminary studies in Mexico

Indicate that people chronically exposed to high concentrations of

f arsenic (>400 ug/L) will metabolize it differently than those exposed to
low levels (<20 ug/L).

-6. The available ecologic-type epidemiology-studies do-not deterraine-a-
cause and effect relationship between arsenic exposure in drinking
water and skin cancer. Tn addition, lack of an animal model also

-precludes use of-a-contToHed-lafaeratery-expeiimenHo make such-a-
UclcillllIlilllUll.

7. Unlike many other types of cancer, skin cancer is treatable.

I
8. Considering the genotoxicity data (chromosomal and DNA
changes), exposure information, lack of animal cancer data and

ra nfsVin nanner, the multistage, mnftel may not hfl ttia

I
-appropriate^Hodel-for estimating cancer potency. Available data can be
used to .support a plausible threshold (there is a dose below which a
cancer effect would not occur) model.

htttv//www pna pnv/fiarth1ĵ fiwn/f̂ nnrn/wfltfirshr1/stanrJarH/arsenir». htm
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Taiwan Study:

1. Arsenic concentrations consumed by Taiwanese are not known. In
_theJEaiwan.snidy,_arsenicjcojicentraHojis_are_detejmined3y_vil!age>

some of which contained more than one well. One measurement was
taken from each well, with the results averaged to estimate arsenic

-eeaeenfratiens-fer the vUlagev-Thus, individual-doses
-determined^

2. There is some question about the analytical method used in the
Taiwan study to measure arsenic levels in water. A recent analysis of
the method used (Nataleson, spectrophotometry with molybdenum
blue) demonstrated that it is only sensitive in the 50 to 100 ug/L.
Reported concentrations less than that are not accurate. This directlyI

T
impacts the risk estimates discussed above.

t

3. The water consumed in Taiwan contained other possible cancer
causmg-substances in addition to arsenic.—

4. The nutritional status of the Taiwanese is not known. In general,
their diets tended to be deficient in protein. This may compromise their
ability to detoxify arsenic. In addition, there were other sources of~
arsenic in the Taiwanese diet such as sweet potatoes and nee. There
have been studies linking poor nutrition, eg, sweet potato consumption,
with increased risk from drinking water containing high arsenic levels.

I
I

» •1

1"

I
1
1

5. EPA scientists have attempted for more than a decade to obtain the
original data to assess quality and accuracy of the reported results with
no success Thus reliance is placed on published results only

History of Risk Management Guidance:

Risk assessors and managers have been evaluating the problem of
arsenic tor a long time, in the Office of \Vater, this issue has continued
for over 20 years. In 1988, the Agency's Risk Assessment Forum
published a book "Special Report on Ingested Inorganic Arsenic: Skin
Cancer: Nutritional Essentiality." This book articulated Agency risk
assessment conclusions concerning carcinogenicity and essentiality. It
was reviewed by the Agency's Science Advisory Board and endorsed
by the Risk Assessment Council As a result nf the issues and
uncertainties associated with arsenic risk estimation as discussed in the
book, Lee Thomas, EPA Administrator, issues guidance to risk
managers on use of the cancer risk estimates to assist with decision-
iiiukmg. Concerning the cancer hazard assessment, the memo stated.

"in reaching risk management decisions in specific situations,
risk managers must recognize arid consider the qualities and
uncertainties of risk estimates. The uncertainties associated with
inorganic arsenic are such that estimates could he modified
downwards as much as an order of magnitude, relative to risk

httn://www.ena,eov/earth I r6/6wa/ecooro/watershd/standard/arsenic.htm 6/t 2/2002
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estimates associated with most other carcinogens. In such
instances, the management document must clearly articulate this
fact and state the factors that influenced such a decision."

When the Risk Assessment Council reached a decision on the RfD,
guidance to risk managers state "Risk managers should recognize the
considerable flexibility afforded them in fnrrnnlating regulatory

-decisions-when-uncertainty and-ladcof clear cbnseHsus are taken into-
account."
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f ATTACHMENT 1
Ecological Scoping Checklist

Site Name
Date of Site Visit
Site Location
„- V'""tP rl t H

by

Terminal 1 South
October 2, 2001
2 1 00 NW Front Avenuealone the Willamette River in Pnrtlfl*1^ ^**^gon

I
Ii

CONTAMINANTS OF INTEREST
Types, Classes, Or Specific Hazardous Substances *

Known Or Suspected
Total Petrnle.iim HyHrnr:arhf»n<! (TPH), polycyclic arnmatin hydrocarbons
(PAHs), volatile organic compounds (VOCs), and metals.

- .

Onsite
V

Adjacent to or
in locality of
the facility f

1 As defined by OAR 340-122-115(30) f As defined by OAR 340-122-115(34)

t -
T»o,t A•

I
*

1

f
k

I
1

OBSERVED EvlPACTS ASSOCIA1ED \V1TH THL ollTE
Onsite vegetation (None, Limited, Extensive)
Vegetation in the locality of the site (None, Limited, Extensive)
Onsite wildlife such as macroinvertebrates, reptiles, amphibians, birds, mammals, other
(None, Limited, Extensive)
Wildlife such as macroinvertebrates, reptiles, amphibians, birds, mammals, other in the
locality of the site (None, Limited, Extensive)

rinding
N
N
N

N

Discussion:

T
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t ATTACHMENT 1
Ecological Scoping Checklist (coni'd)

Part©*

§̂
i
i
§'

.
§"•

i
i

\
ii
I— ̂•
§

SPECIFIC EVALUATION OF ECOLOGICAL RECEPTORS / HABITAT Finding

.$s$S^S'̂ ^^^
Percentage of site that is wooded
Dominant vegetation type (Evergreen, Deciduous, Mixed)
Prominent tree size at breast height, i.e., four feet (<6", 6" to 12", >12")
Evidence / observation of wildlife (Macroinvertebrates, Reptiles. Amphibians, Birds.
Mammals, Other)

0
P*

i^^SM^wfcSMi^^
Percentage of site that is scrub/shrub

-I ronrunent-neignt or vegetation (<2. ,2. to 5 , >5 )
Density of vegetation (Dense, Patchy, Sparse)
Evidence / observation of wildlife (Macroinvertebrates, Reptiles, Amphibians, Birds,
Mammals, Other)

<1%
WrrH

S

B

x^m-^/^^^
Percentage of site that is ruderal
DominanLxsgetation type (Landscaped, AgricultureJBace_ground)
PromiWinf height nf vegetation (0* >0'tn<^',?.MnV >V)

Density of vegetation (Dense, Patchy, Sparse)
Evidence / observation of wildlife (Macroinvertebrates, Reptiles, Amphibians, Birds,
Mammals, Other)

99%
B (paved)

0'
S
B

^ îiic;̂ ]!^^Jl<owiag-0eutic .̂-.-'i > • - • ; : ' : - , \';^^'^^^^^-^.^^:^i.-^-:^'^.:-. -> ' . "i >-• -'»•:•?
Percentage of site that is covered by lakes or ponds
Type of water bodies (Lakes, Ponds, Vernal pools, Impoundments, Lagoon, Reservoir,
Canal)
Size (acres), average depth (feet), trophic status of water bodies
Source water (River, Stream, Groundwater, Industrial discharge, Surface water runoff)

-iNaturc 01 bottom (Muddy, Kocky, oand, concrete, otnei)
Vegetation present (Submerged, Emergent, Floating)
Obvious wetlands present (Yes / No)
Evidence / observation of wildlife (Macroinvertebrates, Reptiles, Amphibians, Birds,
Mammals, Other)

0%

'ftifafli^&^Buiff?^
Percentacc of site that is covered bv rivers, streams (brooks, creeks), intermittent
streams, dry wash, arroyo, ditches, or channel waterway
Type of water bodies (Rivers, Streams, Intermittent Streams, Dry wash, Arroyo,
Ditches, Channel waterway)
o ' f \ 3 *l fr i\ j. ft / c \ r L _i*-&ize (acres)j overage dcptn (icct), approximate now rate (cis) ot water bodies
-Banlrenvironmenr(coven Vegetated, Bare~/~stope:~Steep, Gradual /height (in feet))
Source water (River, Stream, Groundwater, Industrial discharge, Surface water runoff)
Tidal influence (Yes / No)
Water discharge point (None, River, Stream, Groundwater, Wetlands impoundment)
Nature of bottom (Muddy, Rocky, Sand, Concrete, Other)

0%
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\.'

|

I

t

SPECIFIC EVALUATION OF ECOLOGICAL RECEPTORS / HABITAT
Vppptnttnn nrf^pnf ^Snbmprnpd T*1TYiPi*frf*nf T**Jn?ilin{A
y~\t_ ' *1 .J * f*T I "XT \L»DVious wcuanos present (ics / INO)
Evidence / observation of wildlife (Macroinvertebrates, Reptiles, Amphibians, Birds,
Mammals, Other)

Finding

y*9»ff»c--#^^
Obvious or designated wetlands present (Yes / No)
Wetlands suspected as site is/has (Adjacent to water body, in Floodplain, Standing
water, Dark wet soils, Mud cracks, Debris line Water marks)
Vpo^tsitinn nrf»Qpnf f$!nHmf»rof»H TPmprm*nfr S/»nih/cH«ih AX/r»rv/1^rl^

Size (acres) and depth (feet) of suspected wetlands
Source water (River, Stream, Groundwater, Industrial discharge, Surface water runoff)
Water discharge point (None, River, Stream, Groundwater, Impoundment)
Tidal influence (Yes / NO)
Evidence / observation of wildlife (Macroinvcrtcbrates, Reptiles, Amphibians, Birds,
Mammals, Other)

N

P: Photographic documentation of these features is highly recommended.

PartO

.

t
•

-

Ii.

§" 1

§'
.

FPOT OQTr'AT T VTMPflPTANT *?PITf IP**? / TTAWITAT*? flUIFHVFri

Terminal 1 South is located adjacent to the Willamette River, which is habitat for Coastal cutthroat
trout (proposed threatened), Coho salmon (candidate), Steelhead (threatened), and Chinook salmon
(threatened).

-

I
T
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t̂ ATTACHMENT 2
Evaluation of Receptor-Pathway interactions

t ,

1
I
V

1
—**&

1

§'
1
I

'

EVALUATION OF RECEPTOR-PATHWAY INTERACTIONS
Are hazardous substances present or potentially present in surface waters?
ANTl

Are ecologically important species or habitats present?
AND
Could hazardous substances reach these receptors via surface water?
When answering the above questions, consider the following:
• Known or suspected presence ot hazardous substances in surface waters.
• Ability of hazardous substances to migrate to surface waters.
• Terrestrial organisms may be dermally exposed to water-borne contaminants as a

result of wading or swimming in contaminated waters. Aquatic receptors may be
exposed through osmotic exchange, respiration or ventilation of surface waters.

• Contaminants may be taken-up by terrestrial plants whose roots arc in contact with
snrfnr.p. waters

waters are used as a drinking water source.
Are hazardous substances present or potentially present in groundwater?
AND
Are ecologically important species or habitats present?
AND
Could hazardous substances reach these receptors via groundwater?
When answering the above questions, consider the following:
• Known or suspected presence of hazardous substances in groundwater.
• Ability of hazardous substances to migrate to groundwater.
• Potential for hazardous substances to migrate via groundwater flnd discharge intn

habitats and/or surface wfitcrs.

• Contaminants may be taken-up by terrestrial and rooted aquatic plants whose roots are
in contact with groundwater present within the root zone (~lm depth).

• Terrestrial wildlife receptors generally will not contact giouiidwaler unless it is
dischaiged to the surface.

"Y" = yes; "N" = No, "U" = Unknown (counts as a "Y")
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t ATTACHMENT 2

1— w-

1
i

t '
.

Im
1
1

•

EVALUATION OF RECEPTOR-PATHWAY INTERACTIONS
Are hazardous substances present or potentially present in sediments?
ANT>
Arc eiuiugicduj^nuponani species or naoiiais present.
AND
Could hazardous substances reach these receptors via contact with sediments?

'When answering the above questions, consider the following:
• Kjiown or suspected presence oi hazardous substances in sediment.
• Ability of hazardous substances to leach or erode from surface soils and be carried

into sediment via surface runoff.
• Potential for contaminated groundwater to upwell through, and deposit contaminants

in, sediments.
• If sediments are present in an area that is only periodically inundated with water,

terrestrial species may he dermally exposed ihrring dry periods. Aquatic receptors
may be directly exposed to sediments or may be exposed through osmotic exchange
respiration or ventilation of sediment pore waters.

• Terrestrial plants may be exposed to sediment in an area that is only periodically
inundated with water.

• If sediment5~are present in an area that is only periodically inundated with water,
terrestrial species may have direct access to sediments for the purposes of incidental
ingestion. Aquatic receptors may regularly or incidentally ingest sediment while
foraging.

^Are hazardous substances present or potentially present in prey or food items of
ecologically important receptors?
AND
Are ecologically important species or habitats present?
AND
Could hazardous substances reach these receptors via consumption of food items?
When answering the above questions, consider the following:
• Higher trophic level terrestrial and aquatic consumers and predators may be exposed

through consumption of contaminated food sources.
• In general, organic contaminants with log K«w > 3.5 may accumulate in terrestrial

mammals and those with a log Kow > 5 may accumulate hi aquatic vertebrates.
"Y" = yes; V*N'J = No, "U" = Unknown (counts as a "Y")
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t ATTACHMENT 2

t - •

e
I
I

••
i
i

1"

EVALUATION OF RECEPTOR-PATHWAY INTERACTIONS
Are hazardous substances present or potentially present in surficial soils?
AIMThAINU
Are ecologically important species or habitats preseul?
AND
Could hazardous substances reach these receptors via incidental ingestion of or
dermal contact with surficial soils?
When answering the above questions, consider the following:
• Known or suspected presence of hazardous substances in surficial (~lm depth) soils.
• Ability of hazardous substances to migrate to surficial soils.
• Significant exposure via dermal contact would generally be limited to organic

contaminants which are lipophilic and can cross epidermal barriers.
• Exposure of terrestrial plants to contaminants present in particulates deposited on leaf

and stem surfaces by rain slrtkinu contaminated soils (i e rain splash)

roots.
• Incidental ingeslion of contaminated soil could occur while animals grub for food

resident in Ihtf soil, feed on plant matter covered with contaminated soil or while
grooming themselves clean ol sou.

Are hazardous substances present or potentially present in soils?
AND
Are ecologically important species or habitats present?
AND
Could hazardous substances reach these receptors via vapors or .fugitive dust carried
in surface air or confined in burrows?
When answering the above questions, consider the following-.
• Volatility of the hazardous substance (volatile chemicals generally have Henry's Law

constant > I0"s atm-nrvVmol and molecular weight < 200 g/mol).

soils, given the limited amounts of air present to dilute vapors and an absence of air
movement to disperse gases.

• Exposure via inhalation of fugitive dust is particularly applicable to ground-dwelling
species that could be exposed to dust disturbed by their foraging or burrowing
activities or by wind movement.

• Foliar uptake of organic vapors would be limited to those contaminants with relatively
high vapor pressures.

• Exposure of terrestrial plants to contaminants present in particulates deposited on leaf
and stem surfaces.
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«Y» = yes; «N" = No, "U" = Unknown (counts as a "Y")
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